C HANGES IN CARBON DIOXIDE pressure and pH (I) influence the oxygen affinity of blood. The magnitude of this "Bohr effect" is expressed as the change in the logarithm of oxygen pressure at a stated oxygen saturation per unit change of pH, (A log pOa/A pH). The usual value (0.48) was derived from studies on human adults (2) and has been confirmed for pregnant women, newborn infants (3), and for other mammals (4). Most recent studies have been performed on hemoglobin solutions (5-8), but to understand its function in physiological and pathological processes, knowledge of its value in blood is necessary, Strictly speaking, the Bohr effect should be related to changes of hydrogen ion concentration within the erythrocytes.
The present research had three objectives : r) to measure the Bohr effect in relation to the pH of plasma and af erythrocytes in a variety of mammals; 2) to relate the oxygen dissociation curves of different animals to the pH of the red cells; and 3) to evaluate the importance of the Bohr effect on oxygen uptake and release in the lungs, the peripheral tissues, and the placenta.
METHODS
Studies were performed on blood samples from three healthy adult human males. from seven human newborns (umbilical blood), fro& the mother and young of the mottled German deer-goat and the Wiirttemberg Merino sheep, from an African elephant, yak, camel, llama, and Dybowski deer. In both the goat and the sheep, a mother animal and two male offspring were studied, the young repeatedly between the 1st and 60th days of life, the mother from the 4th-30th day postpartum.
Powdered heparin and potassium oxalate (0.2 g/ 1 oo ml blood) were used to prevent clotting. Sodium fluoride (0. I g/ IOO ml blood) was used to stop glycolysis. Equilibration, analyses, and calculations of the gas content of the blood samples were performed as described in detail by Bartels and Harms (4) . The blood was equilibrated (9) with three different gas mixtures at 39.5 C for goat and sheep blood and at 37 C for all other kinds of blood. (These temperatures were maintained in the glass electrode during pH measurement and taken into account in calculation of the amount of CO2 in solution after equilibration.)
The carbon dioxide contents of the equilibrating gases were chosen to yield blood pH values of approximately 6.9, 7.4, and 7.7, respectively, at 50 % saturation with oxygen.
On each equilibrated blood sample the following analyses were done: 1) oxygen and carbon dioxide content with the manometric apparatus; 2) pH with the glass electrode; and 3) about r ml of each blood sample was transferred with the least possible air contact from the tonometer to polyvinyl chloride tubing which was sealed and centrifuged at a force of about 7,300 g for 8 min. The separated erythrocytes were separated from the plasma by clamping the tube at the erythrocyte-plasma border and hemolyzed by freezing without air contact within 20 minutes. The hemolysate was transferred anaerobically to the glass electrode. The analyses were finished within 3 hr of blood withdrawal.
The possibility exists that centrifugation causes change? within the erythrocytes, but no better method is presently available for the anaerobic separation of red cells from In Table I , the conversion factors for the calculation of cell pH are presented, as derived from the regression between pHb and pH,. The correlation coefficient (r) of our measurements is also given. In humans, at pH, = 7.4, cell pH is approximately 0.2 units more acid. This result is in good agreement with the findings of Deane and Smith (I 0). The smaller difference found by Bubnoff and Riecker (I I) may result from methodological differences. They "sealed" the blood samples with paraf5.n for anaerobic centrifugation and added ether to the packed cells to produce hemolysis. In our method no admixture of a foreign substance was required.
In no case is the difference between blood and cell pH as large as that calculated according to Keys, Hall, and Guzman Barron (I 2). The equations and factors given in Table I make it possible to calculate the pH of the red blood cells from knowledge of the pH of the blood. Data for calculation of the Bohr effect have been published previously for yak, camel, elephant, and deer (13). and for cat, cow, guinea pig, rabbit, dog, and pig (4). The mean error of the single aetermination @xi) and the mean error of the mean (s& are given with relation to a blood pH value of 7.4 and a cell pH value of 7.2. The data for cats, cows, guinea pigs, rabbits, dogs, and pigs were taken from Bartels and Harms (4).
In Table 2 , the Bohr effect factor (A log pO,/A pH) is listed in relation to the gasometrically calculated pH of the plasma, and, for some species, to the electrometrically measured pH of the blood and the electrometrically measured pH of the hemolyzed erythrocytes. The standard deviation (sxi) and the standard error (So) for our results are given. The Bohr effect factor found for adult human blood agrees well with that of Dill et al. (2) same species (see Fig. I ). Redfield.
Coolidge, and Hurd (14) suggested that hemoglobin with a lower oxygen affinity has a greater Bohr effect, and Foreman's studies (5) of hemoglobin solutions prepared from the blood of I z rodents tend to support this idea. Our results on blood show no correlation between the TSO value for a species tind the size of the Bohr effect, Neither is there a significant correlation (P = 0.5) between the size of the Bohr effect in blood and average body weight, as was found by Riggs (6) capacity, the steepness of the oxygen dissociation curve, and the oxygen pressure region in which the Bohr effect is operative.
For instance, the amount of oxygen which is released from the blood by a change of pH from 7.4 to 7.3 (without change of the ~02) at 50 % saturation, is approximately 2 ~01% in the yak, and only about I ~01% in the goat: although both animals have practically the same Bohr effect (see Fig. I ).
The importance of the Bohr effect in the placenta has already been discussed (I 6, I 7). Here, gaseous exchange occurs between two blood streams; as a result of which, the maternal blood becomes more acid as the fetal becomes less acid. The influence of the Bohr effect on oxygen transfer is, therefore, additive, and a pH change of o. I unit in each blood stream yields, for instance, 3.3 ~01% of oxygen for transfer from maternal to fetal blood in the human placenta.
An objective of this work was to establish if the shift in the oxygen dissociation curve which occurs during the first week of life is demonstrable when related to a constant cell PH. In Fig, 2 , the red cell pH of young kids and lambs is presented when blood pH is 7.4. The cell pH values are strongly displaced toward the acid side during the first IO days of life and then approach the blood pH until the 30th day of life. During the first days of life, the pH difference between cells and plasma increases in the kid from 0.2 to 0.32 and in the lamb from 0.25 to 0.38 pH units. Figure 3 relates the T50 value in the blood of kids to a blood pH value of 7.4 and a cell pH value of 7.2. The T60 value related to a blood pH of 7.4 increases approximately 7 mm Hg during the first 4 days of life; related to a cell pH of 7.2, it increases only about 2 mm Hg. In fact, the decreasing oxygen affinity in the first few days of life appears to be due to an increasing hydrogen ion concentration within the red cell which is, of course, the environment of the hemoglobin. In the lamb, Fig. 4 , a similar but smaller effect occurs. After the 5th day of life in the kid and lamb, the change in oxygen dissociation curve does not involve a change in cell pH but is a real change in oxygen affinity. Real differences in oxygen affinity of the blood of different mammals are evident in Table 3 
